Occupants’ responses on rain noise underneath metal deck roof system  by Idris, Muhammad Fahmi Md et al.
 Procedia - Social and Behavioral Sciences  35 ( 2012 )  404 – 411 
1877-0428 © 2012 Published by Elsevier B.V. Selection and/or peer-review under responsibility of Centre for Environment-Behaviour Studies(cE-Bs), 
Faculty of Architecture, Planning & Surveying, Universiti Teknologi MARA, Malaysia
doi: 10.1016/j.sbspro.2012.02.105 
 
AicE-Bs 2011 Famagusta 
Asia Pacific International Conference on Environment-Behaviour Studies, Salamis Bay 
Conti Resort Hotel, Famagusta, North Cyprus, 7-9 December 2011 
Occupants' responses on rain noise underneath metal deck 
roof system 
Muhammad Fahmi Md Idris, Azi Izwani Nor Hamzah & Seti Mariam Ayop* 
 Building Department, Faculty of Architecture Planning and Surveying, UiTM Shah Alam 
 
Abstract 
The design of metal deck roof system should incorporate some sound insulation materials if it were to insulate 
structure borne impact noise such as from the rain, transmitted into a building. The noise from the rain may affect the 
ambient noise level within the space underneath the roof thus affect the occupants’ comfort. Thus, this paper would 
like to examine the relationship between the annoyance responses with noise disturbance on occupants’ activities and 
side effects face by occupants’. The result reveals the impact from rain noise amplified by metal correlated with 
annoyances which cause uncomfortable condition to the occupant. 
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1. Introduction  
It is well-known that metal deck roof system provides a lot of benefits compared to other roof systems 
such as aesthetic value, less maintenance, variability in design, durable, and lightweight. Indeed, many 
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developing countries such as Malaysia and Singapore buildings are adopting metal roof system in their 
current building design such as public buildings.  
However, in terms of acoustic performances on metal roof system is still lacking. In fact, it is forming 
from thin sheet of steel cladding. Even, multiple layers of insulation laid within the roof system, sound 
from impact noise especially rain noise amplified with metal still happening and it causes unpleasant 
sound in a building (Lee, 2004). Sound from impact noise creates vibration that causes structure-borne 
sound imparted directly to the building structure. This transmission usually generates unwanted sound 
whereas ambient noise in a building would increase. 
Ambient noise is a combine noises which emanates from various sources that can cause distraction or a 
nuisance to the occupants. Apart from that, these distractions may affect the level of occupants’ comfort 
in a building such as annoyance, dissatisfaction and disturbance (Miyakawa et al, 2008). In relation to that 
the appraisal of the noise problem towards occupants’ acoustic comfort has been a crucial issue of debate 
for many years. In other words, occupants deserve to obtain a comfortable condition to generate well-
being and valuable quality in their life. Thus, this paper aims to substantiate the relationship between 
annoyance and noise disturbance in terms of activities and side effects caused by rain noise. 
2. Literature Review  
Almost 90 percent of the occupants spent their time in an indoor environment (Monika and Pawel, 
2011).  Indeed, the interaction between occupants and indoor environment significantly realised on each 
other. However, there are increasing numbers of occupants’ complaint about the un-comfortable 
condition in a building which indirectly influenced buildings performances. 
With a decent or better indoor environment, it would bring a comfortable condition in human life. If 
the indoor environment is not properly well designed and insulated against heat and sound, it may cause 
more harm in terms of comfort and safety than esthetic or saving time and money. In another perspective, 
comfort living can be expressed as the main indicator for occupants to live in peaceful, healthy and 
harmony condition. Philomena (2010) pointed out that hazard-free and comfort needs should be put as the 
priorities of a healthy building towards the occupants in order to cultivate their social needs as well as 
enhancing the level of productivity. 
Recently, assessment regarding human comfort mainly focuses on a mixed component of indoor 
environment which were visuals, acoustics and thermals (Bluyssen and Cox, 2002; Lai et al, 2009). There 
are only a few studies shows in a single component of indoor environment but merely focused on thermal 
comfort (Wong et al, 2008; Erlanson et al, 2003) rather than acoustic or visual comfort. Even, there are a 
few studies on acoustic comfort; most previous studies were only evaluating human comfort that 
influences by noise sources generated by the combination of ambient noise in a building. 
According to Monika and Pawel (2011) acoustic comfort does not only preserve an intimate acoustic 
environment but it also could prevent the occurrence of discomfort which created by annoyance. The 
assessment of occupants’ towards acoustic comfort normally covered on the various sources of 
background noise. However, no study has done   to determine human comfort towards noise generated by 
rain drop on metal deck roof profiles alone. 
An investigation of raindrop impact on roof element has been studies since 1969 (Dobout, 1969). 
Impact from rapid rainfall on metal roof sheet obviously produces excessive noise compared to other roof 
systems. Previous studies on rain noise examined merely in the technical aspect which is sound, generated 
by rain would induce the increasing ambient noise as well as reducing speech intelligibility underneath 
metal deck roof system (Carter et al, 2002). However, investigation on occupants’ comfort in relation to 
rain noise has not been adequately recognized in research. Therefore, this study has been conducting to 
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seek the relationship between annoyances with noise disturbance cause by rain noise in relation to 
occupants’ comfort in a building. 
Idris et al (2011) discovered that the highest noise level recorded during heavy rain underneath un-
insulated metal deck roof was 88dB. Bronzaft and Hagler (2010) noted that comfortable level of noise in 
a room for normal home is between 55dB to 60dB. If it goes higher than that, it can trigger annoyance 
problem in occupants’ daily activities such as study, communication, rest, sleep, concentration and other 
activities. Thus, acoustic comfort is an essential element that should be emphasized in order to minimize 
unwanted ambient noise (Bardley and Gover, 2004) in a building that leads to annoyance problems. 
Previous researches done by Micheal and Robert (2010); Miyakawa et al (2008); Kin et al (2009) 
noted that annoyance would induce disturbance in occupants’ daily activities which leads to negative 
feeling. This feeling generates unpleasant condition in human life such as unfocused, stress, 
communication problem, sleeping disturbance and health issues. On top of that, annoyance does not 
merely contribute to negative feeling, but it also may influence the level of people’s productivity.       
3. Methodology  
The main notion of this study is to examine the relationship between annoyance and noise 
disturbance cause by rain noise. Thus, this study employed quantitative study by distributing the 
questionnaire in order to derive the data.  
3.1. Questionnaire description 
An interview survey based on the questionnaire was uses to assess the perception of the occupants 
towards rain noise exposure underneath metal roof systems. The survey form consists of two parts. Part 
one includes general demographic survey; age, gender and occupant satisfaction towards their current 
roofing system. The second part includes the level of occupants’ comfort living under the metal deck 
roofing system when it rains. The questionnaire devised based on occupants’ comfort parameters for 
instance satisfaction, annoyance, perceived noisiness, personal noise sensitivity, noise disturbance, 
comfortable and productivity. Reliability test were examine in order to know the consistencies of the 
questionnaire. The value for Cronbach’s alpha for the 18 number of items questionnaire exceeded 0.7 
which is 0.893. Thus, the items indicate the high level of internal consistency and reliable to be tested. 
3.2. Building survey and detail of metal roof system  
The questionnaires were distributed to the respondents who live in the top floors of 5-storey 
apartments and the roof was fixed with metal deck roof system. The roof is covered with 0.5mm thick 
steel cladding, mounted on steel purlins and insulated with glass wool of 30mm thick x 60 kg/m3 and 
ceiling are fixed underneath. 
3.3. Social survey  
Two hundred questionnaires were distributed to the respondents who are mostly students from various 
universities and a total of 200 questionnaires i.e. 95 percent were returned and the balance which is 5 
percent, was considered missing. 
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3.4. Data analysis 
The data collected were analysed using Statistical Software for Social Science (SPSS) and they were 
interpreted using the descriptive statistic and inferential statistic. Descriptive analyses were used to 
summarize the data to make them clear, manageable and easy to interpret (Sullivan, 2001). Inferential 
statistics were used to make a generalization of the population together with frequency, means and 
Pearson correlation methods.  
4. Result and Discussion  
4.1. Descriptive analysis  
Descriptive analyses describe and summarize data in a simple manner. It provides statistical analysis in 
quantitative indicator and shows the difference in percentages between variable and the range of each 
variable. Frequency analysis and mean scores are use to interpreted the data collection. Part A regarding 
to demographic survey interpreted by using frequency analysis. While, the mean score are use to evaluate 
part B regarding to the level of occupants’ comfort living under the metal deck roof system when they 
exposed to rain noise. 
4.1.1. Part A: Demographic information 
 
From the analysis of the survey, 200 sets of the questionnaire were analysed, 95 percent of the 
respondents completed the survey while the rest of the respondents answered only a few parts of the 
survey. 56 percent of them were between ages of 21 to 25 years old. For gender distribution, most of the 
respondents are male with 54.5 percent and the rest is female. When asked about satisfaction on current 
roofing system, 115 out of 200 respondents agreed that they were not satisfied with the current roofing 
system. Although, multiple layers of insulations are fixed in the roofing system, it still does not offer a 
convenient condition in a building (Lee, 2004). 
4.1.2. Part B: Level of occupants’ comfort living under the metal deck roofing system when it rains 
 
The respondents were asked about their perceptions towards comfortable issues related to annoyance, 
perceived noisiness, noise disturbance, comfortable and productivity. The assessment of occupants’ 
comfort towards these issues was deduced based on mean score. 
Figure 1 below summarizes the means score for the 18 items of the questionnaires. It is found that the 
highest mean score for this assessment is personal sensitivity. It reveals that most of the respondents are 
sensitive (mean=3.85) to sound created by rain drops on metal deck roof system which leads to 
discomfort. The second most influential factor that makes them uncomfortable is uneasy to communicate 
(mean=3.83). When asked about the side effects from having conversation when it rains, most of the 
respondents chose communication problem (mean=3.80). Idris (2011) discovered that almost 82 percent 
(N=60) of his respondents agreed that rain noise created underneath metal deck roof system can obstruct 
their conversation. Couple with that, Andy (2001) noted speech clarity in a building is reduced when it 
rains. 
In addition, side effects on unfocused (3.54) and annoyance (mean=3.50) are ranked as fourth and fifth 
most influential factors respectively. This is because the majority of them agreed that sound generated 
underneath metal deck roof system can disturb their study (mean=3.39). On top of that they also ranked 
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assignments activities (mean=3.31) can be disturbed. This can be supported by Lee (2004) that 
categorized rain noise as irritating sound that can create annoyance and disturbance in human life. 
Activities such as listening to radio (mean=2.73), surfing the internet (mean=2.45), rest (mean=2.40) 
and sleep (mean=2.34) is ranked as the least influential noise disturbance among the respondents. It is 
also found that the side effects on stress (mean 2.90), sleeping disturbance (mean=2.35) and health issues 
(mean=1.49) do not give a significant impact towards their daily activities. These results revealed that the 
sound generated by rain drops on metal deck roof system does not give serious health issues to the 
occupants. 
Responses on ‘un-comfortable’ were given a score of 2.67 which indicates that the respondents did 
feel un-comfortable when it rains. Whilst, productivity having a mean score of 2.26 and directly show the 
productivity level were not affected during the raining time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Means score on occupants’ perception towards acoustic comfort when it rains 
4.2. Inferential statistic analysis  
Pearson correlation is used to evaluate the significant of the relationship between annoyance with noise 
disturbance, comfort and productivity. To interpret the results of the correlation coefficient, Table 1 as 
cited in Zulkarnain & Hishamuddin (2001) was taken as a reference. 
Table 1. Interpretation of the correlation coefficient (r). Sources: Zulkarnain & Hishamuddin , 2001. 
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Correlation Coefficient (r)  Interpretation  
Less than 0.20  Very low relationship 
0.20 – 0.40  Low correlation 
0.40 – 0.70  Moderate correlation 
0.70 – 0.90  Strong correlation 
0.90 – 1.00  Very high correlation 
 
The results for annoyance in relation to noise disturbance (activities) are shown in Table 2 below and 
can be summarized as follows:     
x All the variables are significant and has positive relationships (p<0.01) with each other, but only a few 
variables are strongly correlated compared to the other independent variables. 
x From the analysis, it is found that relationship between annoyance caused by sound generated by rain 
drops on metal deck roof system and noise disturbance among students in their activities are strongly 
related even though r value is interpreted in moderate and low condition.  
x Annoyance in relation to noise disturbance on activities, study and conversation, are positively co-
varied with annoyance respectively (giving with r = 0.705 and 0.718; p = 0.01). 
x While the relationship between annoyance and assignment activities is positively significant but 
moderate in terms of their relationship (describing with r = 0.592). 
x The value of r such as surfing internet (r = 0.265), listening radio(r = 0.210), sleep (r = 0.281) and rest 
(r = 0.225) activities as shown in Table 1. The value found that there is statistically significant (p = 
0.01) but weak/low in their relationship. 
Table 2. Correlation between annoyance and noise disturbance (activities) 
Response on noise disturbance (activities) Correlation Coefficient 
values (r) 
Relationship 
p<0.01 and p<0.05 
Study  .705 0.01 
Assignment  .592 0.01 
Conversation  .718 0.01 
Surfing internet  .265 0.01 
Radio  .210 0.01 
Rest .281 0.01 
Sleep  .225 0.01 
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The results for annoyance in relation to noise disturbance (side effects) are shown in Table 3 below 
and can be summarized as follows:     
x All the variables show positive relationships (p<0.01) with annoyance in relation to unfocused, stress 
communication problem and sleep disturbance, while health effects giving p<0.05.   
x For annoyance in relation to the noise disturbance (side effects), crucial findings indicate strongly 
correlated with unfocused (r = 0.701) and communication problem (r = 0.715). 
x For tension/stress effects, the correlation is positive whereas, the relationship is moderate (giving r = 
0.641). 
x While correlation coefficient values between annoyance with sleep (r = 0.312) and health effects (r = 
0.166) statistically having extremely low relationships.   
Table 3. Correlation between annoyance and noise disturbance (Side effects) 
Response on noise disturbance (side effect) Correlation 
Coefficient values (r) 
Relationship 
p<0.01 and p<0.05 
Annoyance in relation to unfocused .701 0.01 
Annoyance in relation to stress .641 0.01 
Annoyance in relation to communication problem .715 0.01 
Annoyance in relation to sleep disturbance .312 0.01 
Annoyance in relation to health effect .166 0.05 
 
Thus, overall analysis can be concluded that rain noise transmitted underneath metal deck roof system 
can create annoyance that can disturb occupants’ comfort when it is rains. Positive co-varies between 
annoyance and occupant comfort reveal that occupants who live on the top floor of the apartment 
especially students. On top of that, the findings proved that noise generated by raindrop can trigger 
serious acoustic problem that can hinder their communication and study.  
5. Conclusion  
Recently, a field survey on occupants’ comfort in a building is been conducted in a different aspects 
and limits. The findings showed that the people or occupants agreed with the notion that noise can impede 
their living environment. In fact, it can disturb millions of people around the world. However, surveys on 
occupants’ comfort towards rain noise have not received much attention until now. 
Thus, this paper is aimed to find out the relationship between the performances of metal deck in 
insulating rain noise to occupants’ comfort. From the findings, it revealed that most of the respondents 
were sensitive to sound generated by raindrops on metal deck roof profiles that brought annoyance in 
their life. On top of that, it also disturbed students’ activities such as study, and conversation. These 
results are supported by Pearson correlation analysis where annoyance to study and conversation are 
statically significant and strongly correlated. 
Moreover, it is also found that most of the respondents ranked unfocused and communication 
problem as the main effects when they exposed to the rain noise. From correlation coefficient values, 
unfocused and communication problem were much correlated with annoyance. Therefore, the results 
proved that the performances of metal deck roof system did not insulate rain noise and provide occupants’ 
comfort. Without a proper design of insulation, it might disturb their living style especially 
communication activities. 
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